Purpose: The purpose of this study is to examine the use of interactive visualizations to represent data/information related to social determinants of health and public health indicators, and to investigate the benefits of such visualizations for health policymaking. Methods: The study developed a prototype for an online interactive visualization tool that represents the social determinants of health. The study participants explored and used the tool. The tool was evaluated using the informal user experience evaluation method. This method involves the prospective users of a tool to use and play with it and their feedback to be collected through interviews. Results: Using visualizations to represent and interact with health indicators has advantages over traditional representation techniques that do not allow users to interact with the information. Communicating healthcare indicators to policymakers is a complex task because of the complexity of the indicators, diversity of audiences, and different audience needs. This complexity can lead to information misinterpretation, which occurs when users of the health data ignore or do not know why, where, and how the data has been produced, or where and how it can be used. Conclusions: Public health policymaking is a complex process, and data is only one element among others needed in this complex process. Researchers and healthcare organizations should conduct a strategic evaluation to assess the usability of interactive visualizations and decision support tools before investing in these tools. Such evaluation should take into consideration the cost, ease of use, learnability, and efficiency of those tools, and the factors that influence policymaking.
Introduction
Health policymaking is a complex process that aims to control the functions of the health system, including health service organization, financing, payment, and health promotion [1] . To take appropriate actions, health policymakers require various kinds of information about the health system performance and public health problems and needs. There are many sources for this information, including medical records, administrative data, national censuses data, health surveys, and research studies. Knowledge translation literature is abundant with studies on information synthesis methods for producing the best available evidence. However, less attention has been paid to dissemination methods-how to make information available to policymakers. Policy guidance and policy briefs [2] , and online evidence repositories [3] are methods of knowledge dissemination that have been used by leading health knowledge producers, including the World Health Organization and the Agency for Healthcare Research and Quality in the USA.
Public Health Indicators
Public health indicators are measures that reflect the status of specific aspects of public health and the health system. Public health indicators can be quantitative or qualitative. There are many types of indicators, including public health status (e.g., mortality rates, prevalence of diseases, the burden of diseases), health risks (e.g., obesity, smoking rates), healthcare programs' outcomes (cancer screening and vaccination rates), health system performance indicators (e.g., wait times in emergency departments, access rates), and health policy indicators (e.g., the cost of care). Organizations at international, national, provincial, and local levels select and use the types of indicators that best serve their planning and evaluation processes.
Information Technology and Health Policymaking
There is a scarcity of research on using information technology as a means for knowledge dissemination in health policymaking despite developments in information technology and the availability of tremendous amounts of data that can be used in health policymaking [4, 5] . Many organizations, including the World Health Organization, the World Bank, and the Centers for Disease Control and Prevention publish health indicators databases online, such as healthcare outcomes, mortality and morbidity indicators, and health service utilization. These databases provide various tools to explore, sort, and extract the published information. Xu et al. [6] argue that these databases should be equipped with more sophisticated tools that enable users to analyze the indicators and explore associations and trends in data, rather than just listing the indicators. Alper et al. [7] suggest that health indicators are important not only for stakeholders' decision making but also for their continuous learning and understanding of the healthcare system; therefore, health indicators should be represented in ways that support these mental activities and goals such as decision making and learning.
Interactive Visualization Tools
Interactive visualization tools are external artifacts whose primary aim is to support and enhance users' exploratory and sense-making processes involving visually represented data [8] [9] [10] Visualizations encode abstract or concrete data (e.g., geographic, scientific, or health data) in a OJPHI visual form. Visualizations can be static or interactive in nature. From the time John Snow used a map to reason about a cholera outbreak in 1850 to recent times, static visualizations have been used in public health. Though useful, static visualizations do not effectively support decisionmaking tasks. Visualizations can be made interactive. These tools use interactive visual representations to convey information and support decision-making tasks by allowing users to customize visualizations, and, in some cases, to perform analytical tasks [11] .
Since policymaking requires public health stakeholders to reason with heterogeneous data, interactive visualization tools can play an important role. The effective and efficient use of data determines the extent to which stakeholders can sufficiently address policymaking issues. Therefore, tools that allow users to interact with information systematically can support decisionand policy-making activities.
Interactive visualization tools are used by decision makers in many domains, including business, engineering, and urban planning. These tools have a visual interface that enables humancomputer interaction and allows the user to organize and adjust the amount and representation of information. The interactive capabilities of these tools increase their "epistemic utility" and enhance cognitive task performance by increasing the user's information processing power [10, 12] . Various visualization techniques can be used to represent data, including choropleth maps, heat maps, bubble charts, scatter plots and bar charts [13] . These techniques can use different visual marks (e.g., color, size, and shape) to encode different dimensions of information. Visualizations have increasingly been used to represent and communicate health data. However, according to a systematic review conducted by Carroll et al. [14] , static graphics are still the main method for health data representation. There is scant literature on using visualization tools in healthcare [15] . Further research on how to develop domain-specific visualizations, user experience evaluation, and visualization techniques for heterogeneous health data is needed [16] .
Purpose of This Paper
This paper reports an exploratory study whose purpose is threefold: 1) to design an interactive visualization tool that represents public health indicators and allows health policymakers to make sense of these indicators, 2) to examine the usability and utility of this tool, and 3) to investigate the benefits of this type of tool for policymakers.
In this paper, we only study the visualization of one type of health indicators: health equity indicators. Health equity, an overarching principle in the sustainable development goals [17] , refers to "the absence of unfair and avoidable or remediable differences in health among population groups defined socially, economically, demographically or geographically" [18] (p. 12). Health equity indicators represent the disparities in health status among population groups.
Study Method
Interviewing prospective users is an effective research method in human-computer interaction research, which can be conducted in any of the product lifecycle phases [19] . The subjective feedback collected from prospective users enables researchers to understand the requirements, OJPHI views, preferences and practices of users. Therefore, interviews might be as effective as ethnographic studies [19] . This method was used in our study.
We developed an online visualization tool that represents a set of health equity indicators in Canada. The study participants used and examined the tool. User experience was evaluated using the informal user experience evaluation method. This method involves the prospective users of a tool to use and play with it and their feedback to be collected through interviews. This method has been used to evaluate the usability and utility of computer programs and to identify design and functionality problems [20] . The method consists of three phases: Demonstration, exploration, and feedback interviews. These phases are summarized in Table 1 . Participants went into these phases individually.
In the demonstration phase, the researchers present the visualization tool to the study participants. In our study, we presented the tool to some participants in person, and for other participants, who did not reside in our city, we created a video demonstration, in which we presented the tool using a brief tutorial.
In the exploration phase, study participants explored the tool freely and independently and for an unlimited time. They were not asked to perform any specific tasks using the tool. Once study participants felt that they were ready for an interview, the researchers conducted a feedback interview with each participant.
Using the interview method, we aimed to evaluate three aspects of the user experience: 1) the perceived ease of use, 2) the perceived usefulness of the tool, and 3) user satisfaction. We also wanted to understand users' needs and explore the tools' context of use. Therefore, we used a semi-structured interview with open-ended questions only. We had created an interview guide with a predefined set of themes before we started data collection, and we had updated this guide after each interview to reflect the emerging themes. 
Demonstration
The researcher will present the tool to the participant.
Participant workplace One hour 2 Exploration
A participant explores the tool and performs any tasks on it freely and without the attendance of the researcher.
Participant workplace
Open as per the participant's convenience 3
Feedback Interview
The researcher will interview the participant and ask him/her a set of open-ended questions to evaluate the perceived utility of the visualization tool.
Participant workplace
One session. Expected duration is two hours.
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Setting and Participants
The informal user experience evaluation method, used in our study, requires that the visualization tool be evaluated by its prospective users, including health policymakers at different organizational levels, such as top-level managers with legal power to participate in decision making, and expert policymakers with technical and policy area expertise to analyze policy problems and suggest solutions. However, in the planning stage of the study, we anticipated that we would not be able to recruit top managers because of the time commitment required to participate in the study. Therefore, all the study participants were expert policymakers who work at various health system bodies in Ontario, such as local public health units, health research centers in hospitals and universities, local health integration networks, and community care centers. We used a purposeful sampling strategy (e.g., advertisement and snowballing) to target and recruit participants.
We had planned to recruit five to ten participants; we succeeded in recruiting seven participants. Table 2 provides a summary of participants' positions and education.
The Western University Research Ethics Board (protocol #106967) approved this study. 
Study Visualization Tool
The tool used in this study is a website that includes a set of interactive visualizations. We used several visualization techniques, such as choropleth maps (Figure 1 ), scatter plots, heat maps, and bar charts. To support exploration of these visualizations, we used a number of interaction OJPHI techniques, such as selecting, filtering, hovering, and zooming. We also used several visual marks, including shape, color, and size ( Figure 2 ). Visualizations were developed using Tableau 9.2. To present the visualizations in an easy to navigate way, we visualized one of the conceptual frameworks of the social determinants of health (Figure 3 ), developed by Solar and Irwin [18] , to represent and communicate the pathway of effects of the social determinants of health. This framework was intended to provide a theoretical lens through which policy action could be analyzed. The visualized health indicators and health outcomes were taken from research studies published in peer-reviewed journals. 
Data Analysis
To qualitatively analyze the data, a data analysis software, QDA Miner Lite, was used. Data analysis in qualitative research is inductive and allows the emergence of themes from the data [21] . We used an a priori list, which we developed based on the core principles of software user experience and usability evaluation-namely, ease of use, user satisfaction, learnability, and effectiveness-to code the data. Despite using this list, we were still open to emerging themes, which we had not considered before the start of the study. Because our data analysis started in parallel with data collection, we were able to explore the emerging themes with other research participants and shed more light on those themes. Figure 3 : The conceptual framework for the social determinants of health as developed by Solar and Irwin [18] 
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Results
In this section, we present the themes that emerged, which represent the stories told by study participants at the interviews. Our role was to explicate these stories by objectively interpreting the content of these interviews.
Usability, Utility, and User Experience Themes
Participants were satisfied with the tool. The main reason for participant satisfaction was the interaction capabilities of the tool. These enable users to retrieve, filter and adjust the displayed information and were the main reason for participants' interest and satisfaction. Participants believed that the tool could be used for different purposes, such as communication, information dissemination, education, and decision support with regard to healthcare issues. Participant#5, an assistant professor, believed that the tool is useful because it helps in presenting complex issues: "I think trying to make a more interactive dynamic way to explain very complex health and social phenomena is a worthy endeavor."
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Participants felt that the tool was easy to use. Some participants found that some visualizations were crowded, while others suggested using simpler visualizations and allowing users to add more layers of information to these visualizations. All participants preferred traditional charts (e.g., the bar charts) to more complex visualizations. Participant#1, a data analyst and epidemiologist, felt that the simpler the visualizations, the better they are for the users: "data visualization is trying to facilitate conceptualizing the data. But if you make it more complex, it loses the initial idea of visualizing the data, and If you are presenting it to people like healthcare professionals to help them better understand the relationships between the factors and the outcomes, I would say the simpler, the better."
As for the visual marks, participants felt that colors and tooltips were effective in representing the data. However, using too many visual marks could be overwhelming for the users. For some participants, interpretation of size as a visual mark was not easy. As for the visualization techniques, some participants felt that the choropleth map of health indicators was useful; however, other participants believed that map visualizations, in general, could lead to misinterpretation of the data. Filters were effective for controlling the visualizations. Participants found that visualizing the conceptual framework for the social determinants of health ( Figure 3 ) is useful because it provides users with an overall view of the health determinants and the relationships among the different elements. However, despite the usefulness of having an overview of the health determinants, some participants felt that care should be exercised when including the visualizations of frameworks as these can impose on users a predefined structure which may not be universally acceptable to all users.
Complexity of Knowledge Communication
Participants identified a set of challenges that make knowledge communication in healthcare a complex task, including the inherent complexity of healthcare information and the diversity of audiences. These challenges can cause disconnection between knowledge producers and knowledge users. Participant#4, an epidemiologist and a program manager at a health unit, described the difficulties that she faces at her work: "As we roll out health status reports, we end up creating three different kinds of reports for three different kinds of users. When I first made the health and income inequalities report, I focused on the differences between PYLL (potential years of life lost) and mortality rates among income groups. However, I realized that no one understood what I was saying, and I tried to explain what PYLL was but people stared without a blink, and I knew I lost them."
Most participants believed that visualization of information could facilitate or impede healthcare knowledge communication, depending on the usability of visualization tools. Additionally, some participants felt also that because of the inherent complexity of healthcare measurements and indicators, health policymakers should also have adequate training to be able to understand those indicators. Participant#7, an assistant professor and epidemiologist in a health unit, described this issue:
OJPHI "I think that the education piece is what we need in order to elevate the decision makers' level of understanding for good epidemiologic analysis rather than simply accepting the results produced by epidemiologists." Some of the participants talked about the possible misinterpretation of the represented information by laypeople.
Participant#5, an assistant professor and a registered nurse, warned about misinterpreting the information:
"If you just give people the data without pushing them back to the theoretical understanding, there is a risk that they make their own conclusion. I think that this is the challenge of visualization because people may start asking different questions from what the data was meant for." However, participants believed that the possible misinterpretation should not lead to not visualizing healthcare information; rather, we need to add more information about the visualized studies to help users fully understand the visualized data.
The validity and credibility of the visualized data were very important to study participants; they emphasized the need to include more information about the source studies, including the research questions, context, conclusions and the limitations of those studies. Participants also suggested establishing quality criteria to select the studies that will be included and visualized in the tool.
Health Policymakers' Needs
Participants stated that health policymakers do not have enough time for learning and using decision support tools such as our visualization tool. Participants also believed that policymakers prefer health reports that are summarized and include simple graphics. Participant#7, an assistant professor and epidemiologist, did not think that the tool can be easily accepted by policymakers: "I found your visualization very understandable, but I don't think that it is easily transferable to decision makers without a lot more background for them. However, my personal experience is that many decision makers don't really want to spend the time to understand these things. "
Participants stated that data and decision support tools such as information visualization tools play a secondary role in health policymaking compared to other factors that have a bigger impact, including public and media pressure, financial constraints, and political priorities. Participant#5, an assistant professor, believed that information about healthcare issues is less important than the media pressure for action:
"The way that data is presented is less important than a couple of newspaper articles that make the government look really bad about the issue, so I think the number one factor is that policymakers have a sense that this is a priority issue, and probably the secondary thing is that they can understand the best way to approach the issue, and that is when they would get into how the data is being presented."
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Discussion
Our study focused on representing health equity indicators using interactive visualization tools and the benefits of these tools for health policymaking. From an information technology perspective, there are three related elements that should be analyzed: the tool, the users of the tool, and the visualized data.
The Tool
Our study shows that using interactive visualization tools to represent health indicators has advantages over traditional representation techniques that do not allow users to interact with the information. Despite this, a systematic review conducted by Carroll et al. [14] analyzing the information needs of public health professionals highlights the fact that while interactive visualization boosts users' capabilities and enhances their experience, health indicator visualization still predominantly depends on static graphics.
To gain the full benefits of interactive visualizations tools, the developers of those tools should follow the user-centered design approach, which includes understanding users' needs, focusing on their task and work processes, iterative design, and continuous user experience testing [22] . However, many visualization tools are designed to impress users rather than help them perform their work tasks effectively and efficiently. We believe that healthcare informatics tools for policymakers should be designed to fit their tasks and needs.
The Users of The Tool
In our interviews with the participants, we find that there are many knowledge gaps on healthcare data communication and more research is required to explore this topic.
Policymakers
There are increasing calls to different sectors, such as business, healthcare, and government, to adopt and use data analytics and visualization software in policymaking. The study in this paper re-emphasizes the fact that health policymaking is a complex process; data is only one element among others needed in this complex process. Therefore, we believe that researchers and healthcare organizations should conduct a strategic evaluation to assess the usability of these tools before using them. Such evaluation should take into consideration the cost and the traditional usability metrics, including ease of use, learnability, and efficiency; it should also look at the policymaking process and the numerous factors that affect this process, including information needs, political factors, financial constraints, and stakeholders' values and beliefs. This evaluation will help healthcare organizations in estimating the return on investment that they will have, and whether they should invest in these tools.
Laypeople and misinterpretation of health outcomes
Information misinterpretation occurs when users of the information ignore or do not know why, where, and how it was produced, or where and how it can be used [23] . Our tool presents OJPHI research studies that show the association between health disparities and the socioeconomic status of population groups. However, the tool only shows the results of the studies (i.e., health outcomes); it leaves out other important parts of those studies, including the context and limitations of each study. This omission may lead to misinterpretation. Misinterpretation can also happen when users of the tool lack enough understanding of the health issues that are represented in the tool. We believe that the complexity of association between social determinants of health and health outcomes, and the multilevel pathway of effects are always ignored, lost, or forgotten whenever those outcomes are summarized (i.e., in blogs), reported in the media, or represented visually.
We propose here the following guidelines for the publishers of this data to reduce the possibility of misinterpretation of healthcare indicators by laypeople:
1-Cite and provide a list of the studies from which the data was obtained. 2-Mention the context of those studies. 3-Mention the limitation of those studies. 4-As we have done in our tool, provide a conceptual framework that represents the association between the several independent factors on the one hand, and the health outcomes-the dependent factors-on the other hand. This framework helps the users to understand the phenomena that you are representing. 5-Remind the users of the data that the social determinants of health affect people's health through complex and multilevel pathways, leading to different healthcare outcomes that can't be attributed to any single determinant alone.
The Visualized Data
Knowledge translation literature has traditionally focused on the needs of information users, including healthcare providers and policymakers, and on the types and content of knowledge products that best fit those needs. However, less attention has been paid to the difficulty of producing these products, as suggested in this paper. This shortcoming is partly due to the inherent complexity of some healthcare indicators, requiring users to have a certain level of understanding of statistical and epidemiological data. Some healthcare providers and most policymakers lack such understanding, forcing knowledge producers (i.e., researchers and epidemiologists) to exert extra effort to simplify health reports and replace certain indicators with easy-to-understand ones. This practice makes those reports less comprehensive and more generalized and threatens information quality. Even when information technology tools are used to communicate and represent health reports and indicators, these reports should be simple [14] . Therefore, more research is required to explore this issue and design innovative methods to communicate healthcare information and outcome indicators.
Conclusions
Interactive visualization tools can be used to represent and communicate public health indicators. However, in health policymaking, the ultimate value of interactive visualization tools is influenced by diverse factors, including the complexity of health indicators, the usability of the tools, and policymakers' needs, capabilities and priorities. These factors should be taken into OJPHI consideration before investing in interactive visualization software. Effective communication of health indicators requires more research to model the complexity of health indicators, and the needs of knowledge producers and users.
Finally, our study shows that interactive visualization tools have great potential to address the needs of healthcare knowledge management and policymaking. However, for this potential to be actualized, more research is required to develop standard metrics to assess the usability and utility of these tools in supporting healthcare policymaking in different contexts.
Limitations of This Study
Usability of interactive visualization tools in health policymaking and health communication are rarely discussed in the literature. While our study sheds light on how to design these tools for these purposes, since it is an exploratory study, it has some limitations.
Firstly, as we described in the method section, interviewing prospective users was used in this study. This method is a legitimate qualitative method in human-computer interaction research. We used purposeful sampling to recruit study participants. A small sample size was used--one that is sufficient for exploratory such studies. Our goal was to recruit participants in various policymaking positions, but ended up recruiting experts in decision-support positions, as the former were difficult to recruit.
Secondly, we tried to create simple and familiar visualizations to facilitate the evaluation of our visualization tool by study participants. However, it is possible that the tool's design and features impacted participants' opinions.
Finally, our research method and sampling strategy have an impact on the generalizability of our findings. As is the case with all qualitative research, we can only claim "tentative application" of our findings because these findings are context-dependent [24] . It is the responsibility of other researchers, wishing to use these findings, to verify their applicability in similar or different contexts.
We recommend that future research studies use field deployment methods, which could provide deeper insights into the users' needs in the real context of use, and the impact of this context on the user experience and usefulness of the information technology artifacts. When appropriate human and financial resources are available for non-exploratory studies, field deployment methods allow researchers to use a variety of quantitative and qualitative methods to evaluate the usability of such artifacts.
